ostium primum ASD occurs in about 15% of all ASDs. Sinus venosus defect is most commonly located at the entry of the superior vena cava into the right atrium and rarely at the entry of the inferior vena cava into the right atrium. The right pulmonary veins may drain anomalously into the right atrium. More commonly, the right pulmonary veins enter normally into the left atrium at the point near the ASD and only appear to enter anomalously into the right atrium. An unroofed coronary sinus is a rare communication between the coronary sinus and the left atrium, which produces clinical pictures similar to other types of ASD. 2 
Clinical Presentations
Infants and children with ASDs are usually asymptomatic. A widely split and fixed S2 and a grade 2 to 3 out of 6 systolic ejection murmur are characteristic findings of ASD in older infants and children.
Laboratory Studies
Right axis deviation and mild right ventricular hypertrophy or right bundle branch block with an rsR# pattern in V1 are typical findings on electrocardiogram (ECG). 4 Cardiomegaly with enlargement of the right atrium and right ventricle may be present. A 2-dimensional echocardiography is diagnostic (Fig. 2) . Echocardiographic imaging shows the position as well as the size of the defect, which can best be seen in the subcostal 4-chamber view. 5 In secundum ASD, a dropout can be seen in the midatrial septum (Fig. 2B ). The primum type shows a defect in the lower atrial septum (Fig. 2C) ; the SVC type of sinus venosus defect shows a defect in the posterosuperior atrial septum ( Fig. 2A) . Indirect signs of a left-to-right shunt are always present. These include right ventricle enlargement and right atrial enlargement, as well as a dilated pulmonary artery. These findings indicate the functional significance of the defect. Pulsed Doppler examination reveals a characteristic flow pattern with the maximum left-toright shunt occurring in diastole. Color flow mapping enhances the evaluation of the hemodynamic status of the ASD. M-mode echo may show increased right ventricle dimension and paradoxical motion of the interventricular septum, which signals right ventricle volume overload. 5 In older children and adolescents, adequate imaging of the atrial septum may not be possible with transthoracic echocardiography. Transesophageal echo (TEE) may be used as an alternative. 5 
Management
In infants with CHF, medical management is recommended because of its high success rate and the possibility of spontaneous closure of the defect. Several devices that can be delivered through cardiac catheters have been shown to be safe and efficacious for ASD closure. These devices are applicable only to secundum ASD with an adequate septal rim. Advantages of nonsurgical closure include a less than 24-hour hospital stay, rapid recovery, and no residual thoracotomy scar. 4 All these devices are associated with a higher rate of small residual leak than is operative closure. 6 A left-to-right shunt with a pulmonary-to-systemic blood flow ratio ( _ Qp/ _ Qs) of $1.5:1 indicates the need for percutaneous or surgical closure. 7 High pulmonary vascular resistance (ie, $10 units/m 2 , >7 units/m 2 with vasodilators) is a contraindication for surgery. Surgery is usually delayed until the patient is 3 to 4 years of age because the possibility of spontaneous closure exists. 2 However, surgery is performed during infancy if CHF does not respond to medical management or if oxygen and other medical therapy are needed for infants with associated bronchopulmonary dysplasia.
The defect is traditionally repaired through a midsternal incision under cardiopulmonary bypass by either a simple suture or a pericardial or Teflon patch. Recently, so-called minimally invasive cardiac surgical techniques with smaller skin incisions have become popular, especially for female patients. For ASDs (including simple primum ASDs and sinus venosus defects), one of the following techniques or their modifications can be used successfully: midline short transxiphoid incision with minimal sternal split, right posterior thoracotomy, transverse inframammary incision with vertical or transverse sternotomy, or small lower midline skin incision with either partial or full median sternotomy. The benefit of this technique appears to be an improved cosmetic result; it does not reduce pain, hospital stay, or surgical stress. 7 Mortality is less than 1%. There is a greater risk for small infants and those with increased pulmonary vascular resistance. 4 
Ventricular Septal Defect
Ventricular septal effect is the most common cardiac malformation, accounting for 25% of congenital heart disease. 8 Spontaneous closure occurs in 30% to 40% of patients with membranous VSDs and muscular VSDs during the first 6 months of life. 8, 9 It occurs more frequently in small defects. These VSDs do not become bigger with age; rather, they decrease in size. 10 Inlet defects and infundibular defects do not become smaller or close spontaneously.
10,11

Anatomy and Pathophysiology
The ventricular septum may be divided into a small membranous portion and a large muscular portion. 8, 10 The muscular septum has 3 components-the inlet septum, the trabecular septum, and the outlet (infundibular) septum. 11 The trabecular septum is further divided into central, marginal, and apical portions. A VSD may be classified as a perimembranous, inlet, outlet (infundibular), central muscular, marginal muscular, or apical muscular defect. The membranous septum is a relatively small area immediately beneath the aortic valve. The membranous defect involves varying amounts of muscular tissue adjacent to the membranous septum (perimembranous VSD). According to the accompanying defect in the adjacent muscular septum, perimembranous VSDs have been called perimembranous inlet (atrioventricular [AV] canal type), perimembranous trabecular, or perimembranous outlet (tetralogy type) defects. Perimembranous defects are most common (70%). Outlet defects account for 5% to 7% of all VSDs in the Western world and about 30% in Far Eastern countries. 8, 10 The defect is located in the outlet septum, and part of its rim is formed by the aortic and pulmonary annulus. It has been called supracristal, conal, subpulmonary, or subarterial defect. Inlet defects account for 5% to 8% of all VSDs. 8, 10 The defect is located posterior and inferior to the perimembranous defect, beneath the septal leaflet of the tricuspid valve, and inferior to the papillary muscle of the conus when seen from the RV. Trabecular (muscular) defects account for 5% to 20% of all VSDs. 8 They frequently appear to be multiple when viewed from the right side. Central muscular defect is posterior to the septal band. Apical muscular defect is near the cardiac apex and is difficult to visualize and repair. The marginal defects are usually multiple, small, and tortuous. The ''Swiss cheese'' (multiple small defects in muscular ventricular septum) type of multiple muscular defects is extremely difficult to close surgically. 8, 12 The defects vary in size, ranging from tiny defects without hemodynamic significance to large defects with accompanying CHF and pulmonary hypertension. The bundle of His is related to the posteroinferior quadrant of perimembranous defects and the superoanterior quadrant of inlet muscular defects. Defects in other parts of the septum are usually unrelated to the conduction tissue. In an infundibular defect, the right coronary cusp of the aortic valve may herniate through the defect. This may result in an actual reduction of the VSD shunt but may produce aortic regurgitation (AR) and cause an obstruction in the right ventricular outflow tract. 13 A similar herniation of the right or noncoronary cusp occasionally occurs through perimembranous defects. 13 
Clinical Manifestations
With a small VSD, the patient is asymptomatic with normal growth and development. With a moderate to large VSD, delayed growth and development, decreased exercise tolerance, repeated pulmonary infections, and CHF are relatively common during infancy. With long-standing pulmonary hypertension, a history of cyanosis and a decreased level of activity may be present. On physical examination, infants with small VSDs are well developed and acyanotic. Before 2 or 3 months of age, infants with large VSDs may have poor weight gain or show signs of CHF. Cyanosis and clubbing may be present in patients with pulmonary vascular obstructive disease (Eisenmenger syndrome). A systolic thrill may be present at the left lower sternal border. Precordial bulge and hyperactivity are present with a large-shunt VSD. The intensity of the P2 is normal with a small shunt and moderately increased with a large shunt. The S2 is loud and single in patients with pulmonary vascular obstructive disease. A grade 2 to 5 out of 6 regurgitant systolic murmur is audible at the left lower sternal border. It may be holosystolic or early systolic. An apical diastolic rumble is present with a moderate to large shunt. With infundibular VSD, a grade 1 to 3 out of 6 early diastolic decrescendo murmur of AR may be audible. This murmur occurs because of herniation of an aortic cusp.
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Laboratory Studies
With a small VSD, the ECG is normal. With a moderate VSD, left ventricular hypertrophy (LVH) and occasional left atrial hypertrophy (LAH) may be seen. With a large defect, the ECG shows combined ventricular hypertrophy (CVH) with or without LAH. If pulmonary vascular obstructive disease develops, the ECG shows right ventricle hypertrophy (RVH) only. On chest x-ray, cardiomegaly of varying degrees is present and involves the left atrium, left ventricle, and right ventricle (sometimes). The degree of cardiomegaly and the increase in pulmonary vascular markings directly relate to the magnitude of the left-to-right shunt. In pulmonary vascular obstructive disease, the main PA and the hilar PAs enlarge noticeably, but the peripheral pulmonary vascular markings are decreased. The heart size is usually normal. Two-dimensional and Doppler echocardiography can identify the number, size, and exact location of the defect (Figs. 3 and 4) . Membranous VSD is best imaged in the apical or subcostal 5-chamber view, located just under the aortic valve, and in the parasternal short-axis view at the level of aortic valve adjacent to the tricuspid valve. 5 Inlet VSD, as either an isolated defect or a perimembranous inlet VSD, is best imaged in the apical or subcostal 4-chamber view beneath the AV valves.
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Management
Small infants who have large VSDs and develop CHF and growth retardation are managed first with digoxin and diuretics. Nonsurgical closure of selected muscular VSDs is possible using the ''umbrella'' device. 12, 13 Surgery should be delayed for infants who respond to medical therapy. If growth failure cannot be improved by medical therapy, the VSD should be corrected within the first 6 months of life.
15 After 1 year of age, a significant left-to-right shunt with p/s of at least 2:1 indicates that surgical closure is needed, regardless of PA pressure. Infants with evidence of pulmonary hypertension but no CHF or growth failure should have a cardiac catheterization at 6 to 12 months of age. Surgery should follow soon after cardiac catheterization. Older infants with large VSDs and evidence of elevated pulmonary vascular resistance should be operated on as soon as possible. For infants with a small VSD with p/s <1.5:1 or small VSDs who are older than 6 months with no evidence of CHF or pulmonary hypertension, surgery is usually not indcated. 15 Surgery is contraindicated in patients with a pulmonary to systemic vascular resistance ratio of $0.5 or with pulmonary vascular obstructive disease with a predominant right-toleft shunt. 15, 16 The PA banding as a palliative procedure is no longer performed unless additional lesions make complete repair difficult. Direct closure of the defect under cardiopulmonary bypass and/or deep hypothermia is preferably carried out through an atrial approach rather than right ventriculotomy. As with the closure of ASDs, minimally invasive surgical techniques with smaller skin incisions are becoming popular for the closure of VSDs. The major benefit of this approach appears to be cosmetic. 13, 15 Surgical mortality is 2% to 5% after the age of 6 months. Mortality is higher for small infants younger than 2 months of age, infants with associated defects, or infants with multiple VSDs. 15 Right bundle branch block (RBBB) is common in patients repaired via right ventriculotomy. Complete heart block occurs in <5% of patients. Residual shunts remain in about 20% of patients. 13 
Patent Ductus Arteriosus
Patent ductus arteriosus occurs in 5% to 10% of all congenital heart defects, excluding premature infants. 15, 17 It is more common in females than in males (female-male ratio of 2:1). Patent ductus arteriosus is common in premature infants. Unlike in premature infants, spontaneous closure of a PDA does not usually occur in full-term infants. This is because the PDA in term infants results from a structural abnormality of the ductal smooth muscle rather than a decreased responsiveness of the premature ductus to oxygen. 17 
Anatomy and Pathophysiology
As a result of the higher aortic pressure, blood shunts left to right through the ductus from the aorta to the pulmonary artery. The extent of the shunt depends on the size of the ductus and on the ratio of pulmonary to systemic vascular resistances. In extreme cases, 70% of the left ventricular output may be shunted through the ductus to the pulmonary circulation. If the PDA is small, the pressures within the pulmonary artery, the right ventricle, and the right atrium are normal. However, if the PDA is large, pulmonary artery pressures may be elevated to systemic levels during both systole and diastole. Patients with a large PDA are at extremely high risk for the development of pulmonary vascular disease if left open. There is a wide pulse pressure due to runoff of blood into the pulmonary artery during diastole.
Clinical Presentations
Patients are usually asymptomatic when the ductus is small. A largeshunt PDA may cause a lower respiratory tract infection, atelectasis, and CHF (accompanied by tachypnea and poor weight gain). Tachycardia and exertional dyspnea may be present in children with a large-shunt PDA. With pulmonary vascular obstructive disease, a right-to-left ductal shunt results in cyanosis in the lower half of the body and left arm. The precordium is hyperactive. A systolic thrill may be present at the left upper sternal border. Bounding peripheral pulses with wide pulse pressure are characteristic findings. The P2 is usually normal, but its intensity may be accentuated if pulmonary hypertension is present. A grade 1 to 4 out of 6 continuous (''machinery'') murmur is best audible at the left infraclavicular area or left upper sternal border. The heart murmur may be crescendo systolic at the left upper sternal border in small infants or infants with pulmonary hypertension. An apical diastolic rumble may be heard when the PDA shunt is large.
Laboratory Studies
The ECG and x-ray findings for PDA are similar to those for VSD. The PDA can be imaged in most patients by echocardiography. Its size can be assessed by 2-dimensional echocardiography in a high parasternal view or in a suprasternal notch view. Doppler studies that are performed with the sample volume in the PA immediately proximal to the ductal opening provide important functional information. The dimensions of the LA and LV provide an indirect assessment of the magnitude of the left-to-right ductal shunt. 11 
Management
Catheter closure of the ductus using several different devices is having varying degrees of success. Using multiple coils can close a ductus up to 5 mm in diameter. The advantages of nonsurgical closure of the ductus include less need for general anesthesia, shorter hospital stay and convalescent period, and elimination of a thoracotomy scar. Disadvantages and potential complications include possible residual leaks, peripheral coil embolization, hemolysis, left PA stenosis, and femoral vessel occlusion. 15 The surgical procedure is performed at any time between 6 months and 2 years of age or when the diagnosis is made in an older child. In infants with CHF, pulmonary hypertension, or recurrent pneumonia, surgery is performed on an urgent basis. Surgical management of PDAs is ligation and division through left posterolateral thoracotomy without cardiopulmonary bypass. Recently, a successful repair through a smaller incision with video-assisted thoracoscopy was reported. 15, 17 The presence of pulmonary vascular obstructive disease is a contraindication to surgery. 15 Death occurs in less than 1% of patients undergoing surgical closure. Injury to the recurrent laryngeal nerve (hoarseness), the left phrenic nerve (paralysis of the left hemidiaphragm), or the thoracic duct (chylothorax) are among the complications. Recanalization (reopening) of the ductus is possible, though rare, occurring after ligation alone and without division. 15 
Complete Endocardial Cushion Defect
Complete endocardial cushion defect (ECD) (also called complete AV canal defect) occurs in 2% of all congenital heart defects. Of patients with complete ECD, 30% are children with Down syndrome. Of children with Down syndrome, 40% have congenital heart defects, and 40% of the defects are ECD. Endocardial cushion defect is also a component of heart defects in asplenia or polysplenia syndrome.
Anatomy and Pathophysiology
Abnormalities seen in complete ECD usually affect the structures normally derived from the endocardial cushion tissue. Ostium primum ASD, VSD in the inlet ventricular septum, and clefts in the anterior mitral valve and the septal leaflet of the tricuspid valve (forming the common AV valve) are all present in the complete form of ECD. The combination of these defects may result in interatrial and/or interventricular shunts, LV-to-RA shunt, and/or AV valve regurgitation. Although rare, the entire atrial septum may be absent (common atrium). When 2 AV valve orifices are present without an interventricular shunt, the defect is called partial ECD or ostium primum ASD. Both complete and partial forms of ECD are characterized by a deficiency of the inlet portion of the ventricular septum, with a ''scooped-out'' appearance of the muscular septum and an excessively long infundibular septum, as well as by an abnormal position of the aortic valve (ie, anterosuperior to, rather than wedged between, the right and left AV valves). The latter results in lengthening and narrowing of the left ventricular outflow tract, thereby producing the characteristic ''goose-neck deformity'' on angiocardiogram. 18 In complete ECD, a single valve orifice connects the atrial and ventricular chambers, whereas in the partial form, there are separate mitral and tricuspid orifices. The common AV valve usually has 5 leaflets-the anterior bridging leaflet, the posterior bridging leaflet, the right and left mural leaflets, and the right anterosuperior leaflet. The arrangement of the LV papillary muscles may be abnormal, in that either they are closer together or only 1 papillary muscle is present in the LV, which makes surgical repair difficult. In the majority of complete ECD cases, the AV orifices are equally committed to the RV and LV. In some patients, however, the orifices are committed primarily to 1 ventricle, with hypoplasia of the other ventricle (ie, RV or LV ''dominance''). Occasionally, an ipsilateral atrium is also hypoplastic. Hypoplasia of the ventricle may create problems for surgical repair. 19 A universally accepted classification for complete ECD does not exist. Silverman et al provided a new interpretation of the Rastelli classification. 20 In type A, the anterior bridging leaflet is usually tightly tethered to the crest of the ventricular septum. This type is commonly associated with Down syndrome. In type B, the anterior bridging leaflet is not attached to the ventricular septum; rather, it is attached to an anomalous RV papillary muscle. In type C, a free-floating anterior leaflet is attached to the anterior papillary muscle. This type is often seen in asplenia syndrome. 21 
Clinical Presentations
Failure to thrive, repeated respiratory infections, and signs of CHF are common. Infants with ECD are usually undernourished and have tachycardia and tachypnea. This defect is common in infants with Down syndrome. Hyperactive precordium with a systolic thrill at the lower left sternal border is common. The S1 is accentuated. The S2 narrowly splits, and the P2 increases in intensity. A grade 3 to 4 out of 6 holosystolic regurgitant murmur is usually audible along the lower left sternal border. The systolic murmur may transmit well to the left back and be heard well at the apex when mitral regurgitation is significant. A mid-diastolic rumble may be present at the lower left sternal border or at the apex as a result of relative stenosis of the tricuspid or mitral valve. Signs of CHF may be present.
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Laboratory Studies
On EKG, ''superior'' QRS axis with the QRS axis between 240 and 2150 degrees is characteristic of the defect. Most patients have a prolonged PR interval (first-degree AV block). Right ventricle hypertrophy or RBBB is present in all cases, and many patients have LVH, too. Chest x-ray shows cardiomegaly involving all 4 cardiac chambers. Pulmonary vascular markings are increased, and the main PA segment is prominent. Twodimensional and Doppler echocardiography studies allow imaging of all components of ECD as well as the severity of these components. The following surgically important information can be gained: size of the ASD and VSD, size of the AV valve orifices, anatomy of leaflets, chordal attachment, relative and absolute size of the RV and LV, and left papillary muscle architecture. The apical and subcostal 4-chamber views are most useful in evaluating the anatomy and the functional significance of the defect. These views show both an ostium primum ASD and an inlet muscular VSD. Either the anterior bridging leaflet crosses the ventricular septum, or the right and left AV valve leaflets can be seen at the same level from the crest of the ventricular septum. The full extent of the ASD and VSD can be imaged during systole when the common anterior leaflet is closed. 5, 20 In real time, the subcostal and apical 4-chamber views can image the chordal attachment of the anterior bridging leaflet to the crest of the ventricular septum (type A), to the right side of the septum (type B), or to a papillary muscle at the apex of the RV or on its free wall (type C). A similar analysis of the posterior bridging leaflet can be made from the subcostal transducer position. 5, 13, 20 
Management
Most of these infants have CHF that is unresponsive to medical therapy, and some have elevated pulmonary vascular resistance. The presence of complete ECD indicates the need for surgery because an important hemodynamic derangement is usually present. Although timing varies among institutions and with the hemodynamics of the defect, most centers perform the repair at 3 to 8 months of age. Early surgical repair is especially important for infants with Down syndrome and complete ECD because of their known tendency to develop early pulmonary vascular obstructive disease. Banding of the PA in early infancy is no longer recommended unless other associated abnormalities make complete repair a high-risk procedure. The mortality rate for PA banding may be as high as 15%. Given 2 ventricles of suitable size and no additional defects, closure of the primum ASD and inlet VSD and reconstruction of the left AV valves as a ''trileaflet'' valve are carried out under cardiopulmonary bypass and/or deep hypothermia. The repair of complete ECD is technically more difficult than repair of a secundum ASD and a perimembranous VSD. Mitral valve replacement may become necessary in a few patients. 20, 21 The mortality rate has decreased to 5% to 10% in recent years. 15 Mitral regurgitation becomes persistent or worsens 10% of the time. Although complete heart block occurs rarely (in <5% of patients), it occurs more frequently when mitral valve replacement is required (up to 20% of patients). 15 
Anesthetic Consideration for Left-to-Right Shunt
The goals of anesthetic management for left-to-right shunt lesions are to decrease shunt and maintain adequate perfusion and oxygenation. These goals should also be achieved and maintained throughout the perioperative period.
Preoperative Preparation
History and physical examination is very important. Pay particular attention to ECG, chest x-ray (CXR), hemoglobin (Hb)/hematocrit (Hct), type and crossmatch (T&C), and echocardiography, which document size and position of defects and left-to-right shunt. Cardiac catheterization is rarely indicated except in patients with severe pulmonary hypertension (HTN). 12, 13 Premedication is generally not necessary for patients less than 8 months of age. Midazolam 0.5 to 0.7 mg/kg orally 30 minutes prior to induction is often effective.
Induction
The goal is to maintain cardiovascular and respiratory stability in a nonstruggling patient. Anesthetic technique is usually general anesthesia with endotracheal intubation with or without regional anesthesia. Patients receiving epidural anesthesia should have the catheter placed 1 hour prior to heparinization. Infants may generally tolerate an inhalation induction with sevoflurane; however, the presence of heart failure or other medical problems may make an intravenous (IV) induction more appropriate (fentanyl 10^g/kg or ketamine 1 to 2 mg/kg, followed by muscle relaxant). An IV induction should be used in patients with significant pulmonary HTN and/or RV failure. Smaller children generally tolerate an inhalation induction with halothane or sevoflurane in 50% N 2 O + O 2 . After induction, IV access is established and pancuronium 0.1 mg/kg, followed by fentanyl 5 to 10^g/kg. In patients with difficult IV access, intramuscular (IM) succinylcholine 4 mg/kg with atropine 0.01 mg/kg may be given. The patient is then intubated orally. If the patient is to remain intubated postoperatively, however, nasal intubation is preferred for comfort and endotracheal tube (ETT) stability. Well-sedated older children generally tolerate placement of an IV (especially with the use of EMLA cream); and IV induction is accomplished with sodium thiopental 2 to 4 mg/kg or propofol 2 mg/kg, followed by a muscle relaxant (eg, vecuronium 1 mg/kg or pancuronium 0.1 mg/kg).
Maintenance and Extubation
Early extubation may be appropriate in patients with uncomplicated anesthetic and surgical courses. If immediate postoperative extubation is planned, anesthesia is maintained using a volatile agent in air + O 2 combined with epidural anesthesia or caudal injection of narcotics. NO 2 is turned off after induction to avoid expansion of any intraoperative air embolism. In patients with pulmonary HTN, RV failure and/or other medical conditions requiring postoperative mechanical ventilation, a high-dose narcotic technique is appropriate (eg, fentanyl 100^g/kg). An effective regional anesthetic is essential for early awake extubation. Blood pressure is controlled with nitroprusside or nitroglycerin 6 inhalation agent). Patients may be extubated awake or in a deep plane infusion. Patients extubated while deeply anesthetized rarely require blood pressure control. For patients returning to the intensive care unit (ICU) intubated and ventilated, portable monitoring equipment, O 2 bag, mask, airway equipment, and emergency drugs should be available during transport. 21 In conclusion, knowledge of cardiac anatomy, pathophysiology, and surgical principles of congenital heart defects is important to develop strategies for anesthetic management. Having good understanding of the anatomy and pathophysiologic changes after correction of the shunts, clinicians can provide better care for the patients during surgery and throughout perioperative period. More importantly, because the majority of the patients with left-to-right cardiac lesions can enjoy normal and productive lives after correction, well-informed anesthesiologists can also deliver safer anesthetics to these patients when they come back for noncardiac surgical procedures.
